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DETAILED ACTION 

This action is in response to Amendments and remarks filed on March 11, 2003. Claims 1-26 
are currently pending. 



Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

2. Claims 1-15 and 18-21 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
North US Patent No. 6,081,558. 

Regarding Claims 1-4 and 7, North teaches (see Fig. 2) a method of changing the gain of 
an amplifier (54, 56) in the gain stage of a sensor in response to a signal read out from a pixel 
sensor (24) and changing (Ii, I 2 ) (see Fig. 3) the power consumption of the amplifier in the gain 
stage in response to changing the gain. Regarding Claim 2, North teaches (see Fig. 3) changing 
the power consumption by changing a transconductance of an input transistor (within Ij and I 2 ) 
(see Col. 5, lines 64-66: inherently, current mirrors contain a current source and a plurality of 
transistors to control current flow) in the amplifier. Regarding Claim 3, North teaches 
decreasing the power consumption in response to a decrease in the gain and increasing the power 
consumption in response to an increase in the gain (see Col. 7, lines 9-13). Regarding Claims 4 
and 7, North teaches associating a plurality of power consumption settings with a plurality of 
gain settings, selecting a gain setting from the plurality of gain settings, and selecting a power 
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consumption setting associated with the gain setting (see Col. 5 5 line 66 to Col. 6 3 line 4), where 
each gain is associated with a power consumption setting. North does not teach the sensor 
element as a pixel array. It is well known in the art to use a pixel array to capture two- 
dimensional data for imaging and optical communications. It would have been obvious to one of 
ordinary skill in the art at the time the invention was made to use a pixel array in the method of 
North, to provide multi-optical channels for higher data bandwidth. 

Regarding Claims 5 and 6, North teaches the method as taught in Claim 4, according to 
the appropriate paragraph above. North does not teach eight gain settings or three power 
consumption settings. It is design choice how many gain settings and power consumption 
settings are used, to provide a more-precise, more-expensive control setup or a less-optimal, less- 
expensive setup. It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use eight gain settings and three power consumption settings in the 
method of North, to provide sufficient settings to save power and provide variable gain levels 
while not dramatically increasing the complexity of the sensor. 

Regarding Claims 8-10, North teaches (see Fig. 2) selecting (56) one of a plurality of 
gain settings in response to a signal read out from a pixel sensor (24), generating (see Fig. 3) two 
or more bias currents (into current mirrors Ii and I2) according to the current gain setting (Iagc) 
(see Col. 7, lines 9-13), and applying said two or more bias currents to a plurality of parallel 
transistors (within Ii and I 2 ) (see Col. 5, lines 64-66: inherently, current mirrors contain a current 
source and a plurality of transistors to control current flow) in a gain stage of the sensor in order 
to change the input transconductance of the amplifier. Regarding Claims 9 and 10, North 
teaches each gain setting having an associated input transconductance setting (a specific gain 
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will output a constant Iagc) (see Col. 6, lines 55-57), and the input transconductance setting 
associated with a bias current value (of Iagc). North does not teach the sensor element as a pixel 
array. It is well known in the art to use a pixel array to capture two-dimensional data for imaging 
and optical communications. It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to use a pixel array in the method of North, to provide multi-optical 
channels for higher data bandwidth. 

Regarding Claims 11-15, North teaches (see Fig, 2) an apparatus comprising a gain stage 
(54, 56) for a sensor with a differential amplifier (54), including a gain selector (56) operative to 
select a gain setting in response to a signal from a photodiode, an input transistor (within Ii and 
I2) (see Col. 5, lines 64-66: inherently, current mirrors contain a plurality of transistors to control 
current flow) having a variable input transconductance, and a transconductance controller (within 
(56) outputting Iagc) operative to select an input transconductance of the input transistor in 
response to a selected gain setting. Regarding Claim 12, North teaches the transconductance 
operative to select an input transconductance setting associated with the selected gain setting 
from a plurality of input transconductance settings (see Col. 5, lines 58-60, Col. 6, lines 55-58, 
and Col. 7, lines 9-13). Regarding Claim 13, North teaches (see Fig. 3) the input transistor 
comprising a first plurality of parallel transistors connected to a first bias current supply (within 
Ii) (inherently, current mirrors contain a current source and a plurality of transistors to control 
current flow) and a second plurality of parallel transistors connected to a second bias current 
supply (within I2). Regarding Claim 14, North teaches (see Fig. 2) the transconductance 
controller comprising a bias current selector (to determine Iagc) (see Col. 6, lines 1-4) selecting 
values for a first bias current and a second bias current associated with a selected gain setting 
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(determined from gain control circuit (56)), and a bias current generator (to generate Iagc within 
the controller) to generate the selected values for first and second bias current and apply it to the 
first and second bias current supply (see Fig. 3). Regarding Claim 15, inherently changing the 
current value of Iagc provides a different current flow for Ii and I2, therefore providing a 
different input transconductance by providing a bias current. North does not teach the sensor 
element as a pixel array. It is well known in the art to use a pixel array to capture two- 
dimensional data for imaging and optical communications. It would have been obvious to one of 
ordinary skill in the art at the time the invention was made to use a pixel array in the apparatus of 
North, to provide multi-optical channels for higher data bandwidth. 

Regarding Claims 18-21, North teaches (see Fig. 2) a sensor comprising a pixel (24), a 
read-out section (part of (24) operative to read out signals (Dir) generated by the pixel, a gain 
stage having an amplifier including a gain selector (56) to set the gain of the amplifier in 
response to the pixel signal, an input transistor (within Ii and I2) (see Col. 5, lines 64-66: 
inherently, current mirrors contain a current source and a plurality of transistors driven by a 
voltage signal to control current flow) having an input transconductance and including a first and 
second plurality of parallel transistors connected to a first bias current supply (within Ii) and a 
second bias current supply (within I2), respectively, and a transconductance controller (within 
gain control circuit (56)) to change the transconductance of the input transistor to match a 
selected gain setting (see Col. 7, lines 9-13) by applying different bias currents (changing Iagc) 
to at least one of the first and second current supplies for different gain settings (see Col. 5, lines 
58-60 and Col. 6, lines 55-57). Regarding Claim 19, North teaches a gain decoder (within gain 
control circuit (56)) to select a bias current value (Iagc) in response to the gain, and a bias 
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generator (generating I A gc) to generate and apply the bias current value to the first and second 
bias current supplies. Regarding Claim 20, North teaches increasing and decreasing the input 
transistor transconductance for a gain increase and decrease, respectively (see Col. 5, lines 58-60 
and Col. 6, lines 55-57). North does not teach the sensor element as a pixel array or active pixel 
sensor, or the amplifier as a differential amplifier. It is well known in the art to use a pixel array 
to capture two-dimensional data for imaging, to use active pixels to provide a greater-intensity 
detection signal, and to use a differential amplifier to provide a different zero level for the input. 
It would have been obvious to one of ordinary skill in the art at the time the invention was made 
to use an active pixel array and a differential amplifier in the sensor of North, to capture more- 
accurate, multi-dimensional data for imaging purposes and provide a separate reference level in 
which to amplify the signal to provide an adjustable detection contrast. 

3. Claims 16-17 are rejected under 35 U.S. C. 103(a) as being unpatentable over North in 
view of Kozlowski et al. US Patent No. 5,892,540. 

Regarding Claims 16 and 17, North teaches the apparatus as taught in Claim 14, 
according to the appropriate paragraph above. Regarding Claim 17, North teaches the bias 
current selector operative to select a set of current values (from a minimum to a maximum Iagc) 
in response to the desired Iagc from a gain decoder. North does not teach the gain selector 
including a plurality of switches and operative to select a different set of switches for each of the 
plurality of gain settings. Kozlowski et al. teach (see Fig. 1) an amplifier device for a 
photodetector pixel array (12) (see Col. 5, lines 18-24) with a plurality of switches (in (22) 
adjacent/serial to 30A, 30B, 30C, 30D) for each of the plurality of gain settings. It would have 
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been obvious to one of ordinary skill in the art at the time the invention was made to use the 
switches of Kozlowski et al. in the apparatus of North, to provide a simple, cost-effective method 
of dynamically modifying the gain for a feedback amplifier. 

4. Claims 22-26 are rejected under 35 U.S.C. 103(a) as being unpatentable by Williams US 
Patent No. 5,864,416. 

Regarding Claim 22, Williams teaches (see Fig. 1) a method of changing (through 
changing the value of variable feedback capacitor (79)) the gain of an amplifier (20, 40) in 
response to a signal read out from an imaging pixel (10), and changing (40) a gain bandwidth 
product (GBW) of the amplifier in the gain stage in response to changing the gain (see Col. 1, 
line 60 to Col. 2, line 5), as changing one of the two amplifier characteristics (gain or operating 
bandwidth) has no effect on the other characteristic (see Col. 3, lines 28-32). Regarding Claim 
23, Williams teaches changing the GBW comprising changing a transconductance of an input 
transistor (47) in the amplifier (see Col. 2, line 65 to Col. 3, line 4). Regarding Claim 24, since 
changing each amplifier characteristic has no bearing on the other amplifier characteristic (see 
Col. 3, lines 28-32), a decrease/increase in the gain with a constant operating bandwidth leads to 
a decrease/increase in the GBW. Williams does not teach the sensor element as a pixel array. 
Regarding Claims 25 and 26, RMS noise inherently occupies all frequencies, so therefore 
decreasing the operating bandwidth decreases the amount of RMS noise (from cutting off the 
noise in the deleted frequency bandwidth range) (see also Col. 2, lines 5-8) and decreasing the 
gain also decreases the amplification amount of RMS noise, hence decreasing the overall RMS 
noise level, and for the same reasons, increasing the GBW increases the RMS noise. Williams 
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does not teach the sensor element as a pixel array. It is well known in the art to use a pixel array 
to capture two-dimensional data for imaging and optical communications, and to recalibrate the 
required gain bandwidth after changing a gain, to optimize amplification frequencies. It would 
have been obvious to one of ordinary skill in the art at the time the invention was made to use a 
pixel array and respond to a gain change in the method of Williams, to provide multi-optical 
channels for higher data bandwidth. 

Response to Arguments 
5. Applicant's arguments filed March 11, 2003 have been fully considered but they are not 
persuasive. 

Regarding Applicant's arguments for Claims 1-7 on the North reference, Applicant 
argues that North does not teach or suggest a gain adjusted system responsive to pixel output 
signals or changing power consumption in response to a change in gain. Examiner asserts that 
North does teach changing the power consumption in response to a change in the gain, as 
discussed in Col. 7, lines 9-23. Further, Applicant argues that North does not teach or suggest a 
gain adjusted system responsive to pixel output signals. Examiner asserts that North does teach 
adjusting the gain in response to the output signal of the photodetection/pixel, as the gain is 
controlled by AGC control unit (56) which receives an input from the output of amplifier (54) 
which amplifies the pixel output signal- hence, the pixel output signal affects the gain of the 
amplifier. In addition, Examiner maintains that applying the particulars of a single detector 
element for a detector/pixel array is well known in the art, and that the sensor of North can also 
be interpreted as having a single-element lxl pixel array. In addition, Examiner submits that the 
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power consumption of an amplifier is directly proportional to the bias current fed into the 
amplifier- therefore, changing the bias current for the amplifier changes both the gain and the 
power consumption of the amplifier. 

Regarding Applicant's arguments for Claims 8-10 on the North reference, Applicant 
argues that North does not teach or suggest a gain adjusted system responsive to pixel output 
signals or a change in the bias current in response to the change in gain. Examiner asserts that 
North does teach changing the bias current in response to the change in the gain, as discussed in 
Col. 5, lines 5, lines 58-60, Col. 6, lines 55-57, and Col. 7, lines 9-23. Further, Applicant argues 
that North does not teach or suggest a gain adjusted system responsive to pixel output signals. 
Examiner asserts that North does teach adjusting the gain in response to the output signal of the 
photodetection/pixel, as the gain is controlled by AGC control unit (56) which receives an input 
from the output of amplifier (54) which amplifies the pixel output signal- hence, the pixel output 
signal affects the gain of the amplifier. In addition, Examiner maintains that applying the 
particulars of a single detector element for a detector/pixel array is well known in the art, and 
that the sensor of North can also be interpreted as having a single-element lxl pixel array. 

Regarding Applicant's arguments for Claims 11-21 on the North reference, Applicant 
argues that North does not teach or suggest a gain adjusted system responsive to pixel output 
signals or a change in input transconductance in response to the change in gain. Examiner 
asserts that by changing the gain by changing the bias current, the input transconductance within 
a transimpedance amplifier is inherently changed and that a transimpedance amplifier inherently 
contains an input transistor. Examiner further cites Alini et al. US Patent No. 5,495,201, Col. 3, 
lines 2-4 for support that varying the bias current varies the transconductance in an amplifier. In 
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addition, Examiner maintains that applying the particulars of a single detector element for a 
detector/pixel array is well known in the art, and that the sensor of North can also be interpreted 
as having a single-element lxl pixel array. 

Regarding Applicant's arguments for Claims 22-26, it appears that Applicant 
misinterpreted the initial rejection, as Claims 22-26 are rejected under 35 USC 103(a) by 
Williams US Patent No. 5,864,416, and not North in view of Williams. Thus, Applicant's 
arguments are moot, since Williams does indeed teach changing a gain bandwidth of the 
amplifier in response to changing the gain (through changing the value of variable feedback 
capacitor (79)), in Col. 1, line 60 to Col. 2, line 5. 

Conclusion 

6. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Stephen Yam whose telephone number is (703)306-3441 . The 
examiner can normally be reached on Monday-Friday 8:30arn-5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, David Porta can be reached on (703)308-4852. The fax phone numbers for the 
organization where this application or proceeding is assigned are (703)308-7724 for regular 
communications and (703)308-7724 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703)308-0956. 
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June 4, 2003 
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